Introduction
In the guinea pig, it has been demonstrated that the lymphatic vessels play an important role in carrying the thymic lymphocytes to the general circulation (K o t an i, S e i k i, Yamashita and H o r i i, 1966). However, in the rat, the release of these cells into the lymphatic vessels is not at all clear, although their direct entry into the circulation across the wall of the blood vessels of the medulla has been reported (S a i n t e-M a r i e and L e b l on d, 1964). This paper presents evidence suggesting that in the rat thymic lymphocytes enter the general circulation by way of lymphatic vessels as well as the blood vessels, and that the perivascular channel (S m i t h, 1955; Clark, 1963; Sainte-Marie and Leblond, 1964) serves as a route to the lymphatic circulation.
Material and Methods
Normal male rats of the Wistar strain, 40-50 days of age, were used. The experiments were carried out with the animals under anesthesia, induced by the intraperitoneal injection of Nembutal. After a midline incision of the skin, the sternum was split in the midline as far as the sternal angle. The two halves of the sternum were retracted laterally by means of clamps and held apart to expose the thymus as extensively as possible. Using a syringe with a fine needle (1/5 mm. internal bore), an amount of 0.02-0.05 ml. of India ink was injected subcapsularly into two or three lobules of each lobe in one group of animals (Group A). Thirty minutes after injection, the thymus, together with the tissue containing the efferent M. Kotani, M. Kawakita, M. Fukanogi, A. Yamashita, K. Seiki and I. Horii lymphatic vessels, was fixed in 10 per cent formalin.
After observations using the binocular microscope, sections were made in the usual manner and were stained with van Gieson method. In a second group of animals (Group B), silver nitrate solution, 0.25 per cent, was injected in the same manner into the thymus. Thirty minutes after injection, the thymus was fixed and cut in the same way as in group A, but was not stained.
In a third group of animals (Group C), the thymus was not injected but was fixed in Carnoy's solution.
The sections were stained with hematoxylin-eosin. In a fourth group of animals (Group D), venous blood samples were obtained from the tail vein and from a vein in the hilus of the thymus for the determination of the white blood cell counts and for the differentiation of the cell type which was studied in smears stained with May-Grtinwald-Giemsa.
Lymphocytes were classified mainly according to their size-those having a diameter 7p or less as small, between 7-10 p as medium and more than 10 p as large.
Results
Passage of thymic lymphocytes by way of lymphatic vessels to the general circulation.
In group A animals an efferent lymphatic vessel of the thymus, containing India ink in its lumen and emerging from the hilus at the lateral side of each lobe, was found (Fig. 1) . These vessels were clearly distinguished from the accompanying blood vessels by their irregular shape, constricted in some places and dilated in others. When silver nitrate solution was injected instead of India ink, group B animals, the walls of these vessels were seen to consist of endothelial cells with particularly wavy intercellular lines (Fig. 2) . The right and left efferent lymphatic vessels separated from the blood vessels soon after emergence from the thymus and ran upwards to enter the thoracic duct on each corresponding side at the point immediately before its opening into the vein. No lymph nodes were found on the way to the entrance into the thoracic duct from the hilus of the thymus.
In the non-injected group C animals, the lymphatic vessels were observed at the hilus as a space, surrounded by a thin, endothelium-lined wall and containing lymphocytes only (Fig. 3) .
In the serial sections of the thymus of non-injected animals in group C, the interlobular connective tissue, together with the blood vessels, invaded the parenchyma of the thymus as a perivascular non-injected animals of group C, diapedesis of lymphocytes across the walls of the vein in the medulla was often observed as previously reported in the rat thymus by other investigators (S a i n t e-M a r le and Leblond, 1964) , although the direction of cell migration could not be decided.
In the experiments of group D animals, the white blood cell count per cu. mm. was 12040±276.4 (67 animals) in the tail vein and 10200±1991.2 (16 animals) in the thymic vein. There was no statistically significant difference between them. However, the content of lymphocytes in the white blood cells was significantly much higher (P<0.001) in the venous blood from the thymus (82.7±1.22%) than in the peripheral blood (67.0±1.09%).
The percentage composition of small lymphocytes in the total number of lymphocytes was 66.3±0.78 in the peripheral blood and was 79.0±2.06 in the thymic venous blood. The difference between them was also statistically highly significant (p<0.001).
These findings indicate that lymphocytes, in the majority small in type, would directly enter the vein in the thymus.
Discussion
In the present work, it was demonstrated that the lymphatic vessels play an important role in the passage of thymic lymphocytes to the circulation in the rat as in the guinea pig (K o tan i, S e i k i, Yamashita and H o r i i, 1966). When India ink is injected into the deeper layer of the rat thymus as in the guinea pig, it appears not only in the lymphatic vessels but also readily in the blood vessels, while, in the guinea pig, the appearance of India ink in the blood vessels is rare.
Therefore, in these experiments, India ink was injected subcapsularly into the thymus to prevent the entrance of India ink into the blood vessels.
From observations on the passage of India ink injected subcapsularly into the thymus, it was postulated that thymic lymphocytes would move from the cortex to the medulla and reach the perivascular channel to enter the lymphatic circulation.
Migration of thymic lymphocytes from the cortex to the meddula has been shown by other investigators previously (Sainte-Marie and Leblond, 1964). In the guinea pig, pronounced thymic lymphocyte accumulations continuing to the medulla are observed in the interlobular connective tissue, and the lymphatic vessels begin in these accumulations. Pronounced accumulations of thymic lymphocytes in the interlobular connective tissue were not observed in rats. However, in the rat thymus, the perivascular channel communicated with the medulla on one side and with the interlobular connective tissue on the other side. The beginning of the lymphatic vessels was observed in the perivascular channel. These findings indicate that the perivascular channel would act as a pathway for thymic lymphocytes to the lymphatic circulation as well as local, pronounced accumulations of thymic lymphocytes in the interlobular septa of the guinea pig. It should' be noted that thymic lymphocytes would in the main enter the circulation after passing through the medulla in both the rat and guinea pig. The thymic lymphocytes may mature during passage through the medulla.
It is, in general, observed that circulating lymphocytes are usually stained more deeply than those in the parenchyma of the thymus. The thymic lymphocytes in the perivascular channel of rats or in the pronounced accumulation of guinea pigs are frequently stained deeply as are circulating lymphocytes. The direct entry of thymic lymphocytes into the vein in the medulla as described by previous authors (S a i n t e-M a r i e and L e b 1 on d, 1965) was confirmed for the rat.
Summary
Lymphatic vessels coming from the thymus of the rat have been demonstrated after injection of India ink and silver nitrate solution . into the thymus.
The perivascular channel seems to play an important role in carrying thymic lymphocytes from the medulla to the lymphatic circulation.
The direct entry of thymic lymphocytes into the vein in the medulla has been confirmed. Tubules in the thymus (T) are the blood vessels, containing no India ink. x 50. Fig. 2 . A section across an efferent lymphatic vessel (L) accompanying the thymic artery (A) and vein (V) at the hilus of the thymus, 30 minutes after injection of silver nitrate solution into the thymus.
The wavy intercellular lines of the lymphatic endothelium are stained black with silver. A part of the thymus (T) can be seen in the upper part of the field. x 220. Fig. 3 . A section across an efferent lymphatic vessel (L) accompanying the thymic artery (A) and vein (V) at the hilus of the thymus of the non-injected animal.
No blood cells other than lymphocytes can be seen in the lymphatic vessel.
H. and E. stain. x 100. The lymphatic vessel is distinguished by its irregular shape and its thin wall from the accompanying artery (A) and vein (V). H. and E. stain.
x 300. Fig. 7 . A perivascular channel penetrating the cortex of the non-injected, normal animal thymus.
A reticular process projects into the lumen of a lymphatic vessel (L) at the opening of the perivascular channel.
The lymphatic vessel that is distinguished from the accompanying artery (A) and vein (V) by its irregular shape and its thin wall is empty.
H. and E. stain. x 220. Fig. 8 x 500. Fig. 10 . A perivascular channel that begins to penetrate the cortex of the thymus , 30 minutes after subcapsular injection of India ink into the thymus. India ink can be seen abundantly along the capsular invagination into the parenchyma of the thymus.
In the perivascular channel, India ink accumulates around the wall of a lymphatic vessel (L) that is distinguished from the accompanying artery (A) and vein (V) and enters its lumen. No India ink can be found in the blood vessels.
Van Gieson stain. x 220. Fig. 11 . A perivascular channel before it enters the medulla of the thymus , 30 minutes after subcapsular injection of India ink into the thymus. India ink accumulates particularly around the wall of a lymphatic vessel (L) . The intercellular lines of the wall of the lymphatic vessel are stained back with India ink. Van Gieson stain.
x 500. Fig. 12 . A vein (V) in the medulla near the cortex of the thymus , 30 minutes after subcapsular injection of India ink into the thymus. A lymphocyte rimmed with India ink can be seen in the lumen of the vein. No India ink can be found in any other parts of the lumen. Van Gieson stain.
x 500.
